We report the characterization of the virus produced by a lymphoid cell line derived from a lymphoma of an AKR mouse after injection of the polytropic AKR virus 
We report the characterization of the virus produced by a lymphoid cell line derived from a lymphoma of an AKR mouse after injection of the polytropic AKR virus MCF-247. The virus displays polytropic host range properties and is indistinguishable from MCF-247 as judged by analysis of the large RNase T1-resistant oligonucleotides of the RNA genome. Restriction enzyme analysis of cellular DNA revealed the presence of sequences homologous to MCF-247 genomic RNA. The EcoRI cleavage fragments were characteristic of MCF-247 DNA provirus cleavage products.
Mice of the AKR strain developed thymus lymphoma at a high incidence between 6 months and 1 year of age (17) . The disease is linked to the expression of endogenous retroviruses. The retroviruses which can be derived from tissues of AKR mice constitute a polymorphic group of agents. Viruses that have a host range restricted to mouse cells (ecotropic) and are positive in an XC fusion test can be isolated from AKR mice any time after 2 weeks of age (18) . Viruses capable of replication on cells derived from animals other than mice (xenotropic) can be detected in older mice (8, 9) . A number of other viruses can be isolated from the lymphoid tissues of preleukemic and leukemic mice. These include viruses that are negative in the XC fusion assay and that are ecotropic (6, 11, 12, 16) as well as viruses that have a broad host range, including both mink cells and mouse cells, and that are also negative in the XC fusion test (polytropic or MCF viruses) (4, 8) .
These age-related changes in retrovirus expression may represent early events in the disease process. To test this hypothesis, viruses derived from the tissues of preleukemic and leukemic AKR mice have been injected into newborn animals to determine whether they accelerated the onset of disease. Results of such tests indicate that whereas the ecotropic XC+ virus that can be isolated from young animals does not accelerate the onset of disease when injected into newborn animals, several other viruses do (6, 12) . These include some of the cloned polytropic isolates such as MCF-247 and The nonadherent cells were transferred to new dishes twice a week. They became independent of glutathione after 5 weeks in culture. The cells were maintained in a suspension culture in Dulbecco-modified Eagle medium-10% total fetal calf serum without added glutathione for 2 months and then were changed to RPMI 1640 with 10% fetal bovine serum. Studies with the cell line were done after it had been in continuous culture for 6 months.
Virus assays. The activity of RNA-dependent DNA polymerase in tissue culture supernatant was determined as described elsewhere (19) . The number of infectious viruses was determined by assessment of numbers of foci formed in S+L-(D56) cells as described elsewhere (1) . The XC cell fusion assay was performed by the method of Rowe and Pincus (18) . The XC assays were performed on NIH-3T3 cells.
Isolation of virus RNA. Virus particles were isolated from tissue culture supernatants by centrifugation as described previously (13, 14) . The viruses were disrupted by treatment with proteinase K (25 mg/ml in sodium dodecyl sulfate), and the 70S RNA was isolated by velocity sedimentation in sucrose gradient, followed by chromatography on oligodeoxythymidylic acid-cellulose (13, 14) .
Oligonucleotide mapping. The analysis of RNase T,-resistant oligonucleotides of the viral RNA was carried out as described elsewhere (13, 14 Restriction enzyme analysis of cellular DNA.
Cells were resuspended in lx SSC (0.15 M NaCl-0.015 M sodium citrate), sodium dodecyl sulfate was added to a final concentration of 1.0% and tissues were digested with Proteinase K (10 ltg/ml) for 1 h at 37°C.
Phenol saturated with lx SSC was used to extract the tissues twice, followed by four extractions with chloroform-isoamyl alcohol (19:1). Two volumes of cold ethanol were added to the aqueous phase, and the DNA was wound out. The DNA was resuspended in lx SSC and digested with RNase A (Worthington) at 40 ,ug/ml for 30 min at 37°C. The DNA was then redigested with proteinase K as described above and re-extracted with phenol and chloroform-isoamyl alcohol. Two volumes of cold ethanol were added to the aqueous phase, and the DNA was wound out, lyophilized, and resuspended in 0.Olx SSC to an approximate concentration of 1 to 2 mg/ml.
Purified DNAs were digested with restriction endonuclease EcoRI (20 U/10 ,g of DNA, New England Biolabs). Digestions were performed at 37°C for 2 h in the cocktail suggested by the supplier. The DNA was subjected to electrophoresis on 0.8% agarose gels in a horizontal plate (14.5 cm by 21 cm by 6 mm) containing ethidium bromide at 3 yg/ml. Electrophoresis was at 10 mA for 3 h followed by 25 mA for 16 h with constant current with a buffer of 0.04 M Tris-hydrochloride (pH 8.0), 0.018 M NaCl, 0.01 M sodium acetate, and 0.002 M Na2 EDTA. The DNAs were transferred from the agarose gels to nitrocellulose filters (Schleicher & Schuell, BA85) by a modification of the Southern procedure (20) . The gels containing the DNAs were soaked in a denaturing solution of 1.5 M NaCl-0.5 M NaOH for 20 min and neutralized for 30 min with 3 M NaCl and 0 to 5 M Tris-hydrochloride (pH 7.0). After a 5-min soaking in 6x SSC, the gels were placed on the nitrocellulose filters, and DNA transfer was allowed to proceed overnight at room temperature. The filters with the DNA were baked at 80°C for 4 h and stored until used.
32P-labeled complementary DNA probes were added to DNA filters that had been preincubated in a solution containing 3x SSC, 50% formamide, 0.5% sodium dodecyl sulfate, 0.2% Ficoll, 0.2% polyvinylpyrrolidone, 0.2% bovine serum albumin, 50 mM Trishydrochloride (pH 7.5), 1 mM Na2 EDTA, 20 ytg of bovine rRNA per ml, and 20 mg of yeast RNA per ml.
Approximately 5 x 10' cpm of probe having a specific activity of 107 cpm/,ug were added in 0.5 ml of hybridization buffer. Hybridizations were carried out for 4 days at 37°C. Filters were washed for 16 h at 65°C in 2x SSC-0.5% sodium dodecyl sulfate and then in 2x SSC for 5 min at room temperature. Dried filters were autoradiographed at -70°C with Kodak XR film and an intensifying screen.
RESULTS
We wished to determine whether a virus that accelerated the onset of thymic leukemia in AKR mice replicated in the tumor cells. The mice (11) . Moreover, the virus had been cloned and displayed a stable phenotype; it is polytropic and negative in the XC fusion test (4) . To reduce the possibility that the virus used for the inoculation contained other murine viruses derived from the host cell, the MCF-247 was propagated on mink cells.
Our initial experiments confirmed the observation that MCF-247 accelerated the onset of leukemia when inoculated into newborn animals. (Fig. 1) . All of the lymphoid organs of the inoculated animals contained blast cells that effaced the normal architecture. These cells in culture produced low levels of virus when their supernatants were tested on S+L-cells (10 FFU/ ml). However, supernatants tested on two occasions for RNA-dependent DNA polymerase were strongly positive (106 to 2 x 106 cpm/ml).
All supernatants were from cultures that were in a logarithmic growth phase 3 Figure  2a shows the oligonucleotide pattern for 70S RNA from MCF-247 grown on mink cells. The pattern is similar to the fingerprint obtained by Rommelaere et al. (15) , except that the gel electrophoresis system used in the present study allows the detection of a larger number of oligonucleotides. The spot marked with an arrow represents an incomplete digestion product. As we have shown previously (14) , the intensity of this particular spot depends upon the RNA concentration, and the oligonucleotide is not detected when the RNA sample is denatured before RNase digestion. In these experiments pictured in Fig. 2 , this oligonucleotide provides a convenient marker for the presence of this RNA sample in the mixing test of Fig. 2c (see below) . Figure 2b shows the RNase T, fingerprint of 70S RNA of virus produced by the AKR IL MCF 247-1 cell line. The patterns in Fig. 2a and b are similar. Only the incomplete digestion product discussed above is clearly missing from the pattern of Fig. 2b . This is probably due to the low concentration of RNA used in the digestion reaction from this sample. To determine whether all of the oligonucleotides of the two fingerprints had the same electrophoretic mobility, portions of the two samples that contained equal amounts of radioactivity were mixed, and the pattern was analyzed by two-dimensional electrophoresis. The result is shown in Fig. 2c . This analysis shows that all the oligonucleotides of the RNA of the lymphoma line virus exactly comigrate with oligonucleotides of MCF-247 virus. With the one exception, discussed above, no oligonucleotide unique to MCF-247 could be detected. Comigrating oligonucleotides in this high resolution electrophoretic system will have exactly the same base composition, but not necessarily the same nucleotide sequence. However, the exact identity of the two patterns strongly implied that the comigrating oligonucleotides represent identical nucleotide sequences. Approximately 80 oligonucleotides representing 10 to 15% of the genome are resolved by this electrophoresis system. Therefore, we conclude that the major component in the cell supernatant of the lymphoma line is genetically identical or very closely related to the virus that was used for inoculation. The fingerprint pattern of Fig.  2b indicates that all the well-resolved, unique oligonucleotides are labeled at approximately the same intensity, and therefore must be present in approximately equimolar amounts (14) . No other major RNA species was detected in this analysis. However, the method may not detect viral species that comprise less than 10% of the total population.
Detection (2, 21) . Therefore, these fragments provide a convenient marker for infection of AKR tissues by MCF-247.
The experiments pictured in Fig. 4 demonstrated that both the 6.6-and 1.4-kilobase EcoRI DNA fragments are present in the DNA extracted from the AKR IL MCF-247-1 cell line (Fig. 4, lane 2) . These DNA fragments have the same electrophoretic mobility as those produced by EcoRI cleavage of DNA purified from a mink cell line infected with MCF-247 (Fig. 4, lane 1) . (Fig. 4, lane 4 (15) . Therefore, the identity of the fingerprints of the MCF-247 virus and the cell line AKR IL MCF-247-1 virus strongly suggests that the virus produced by the lymphoma line is identical to the inoculum.
The virus isolated from the induced lymphoma also differs from those produced by lymphoid cell lines derived from spontaneous tumors. Most of these isolates are ecotropic (10, 12, 15) . Moreover, the fingerprints and biological properties of these viruses are substantially different from that of the MCF-247 (4, 15) . The MCF-247-specific EcoRI restriction fragments are not found in cell lines established from spontaneously arising tumors in AKR mice, suggesting that the MCF-247 is not normally present in AKR tissues or tumors at levels detectable in these experiments.
From these experiments we conclude that the MCF-247 virus that accelerates the onset of thymic leukemia in AKR mice replicates in the tumor cells themselves. Therefore, it is likely that this virus plays a direct role in induction of the disease.
